second half of pregnancy, for the management of rhesus isoimmunisation, to assess the maturity or well being of the fetus in utero. In recent years, however, amniocentesis has been performed early in the second trimester of pregnancy to detect a variety of genetic defects in the fetus.
Transabdominal is preferable to transvaginal amniocentesis. The procedure is performed under local anaesthesia, using a disposable spinal needle with stylet. After puncture, the stylet is removed and 10 ml. amniotic fluid aspirated using a sterile plastic syringe. Strict aseptic precautions are used throughout the procedure. Amniocentesis should if at all possible be performed in a unit close to the laboratory, as investigations of the amniotic fluid should be started at once. Patients need not stay in hospital overnight; in some centres they remain in the out-patient department for only 1 hour.
On the evidence available at present, amniocentesis in early pregnancy appears to be a reasonable safe procedure for mother and fetus when performed by clinicians experienced in the technique. Probably the main risks are related to puncturing placental vessels. Placental localisation by ultrasonic means may help to avoid this risk. From the clinical viewpoint, it is important that the safety of transabdominal amniocentesis performed early in pregnancy should be fully established, but relatively S2 271 few are performed in any one centre at present. Collaborative studies are being arranged under the aegis of the M.R.C. and will include careful observation of the mother and fetus during pregnancy after amniocentesis and follow-up of the infant after birth. This technique must still be regarded as unproven in the clinical context although initial clinical work has been promising. While its potential for the antenatal diagnosis of some genetic defects is well recognised, the chance of precipitating abortion by the procedure itself has yet to be determined. This fact alone severely limits its indications for use at the moment, and it is therefore felt that only patients who have a very high risk of recurrence of a defect may be offered this. A full explanation of the technique and the possibility of abortion thereafter must be made to both parents and a signed consent form completed.
The position at present is that amniotic fluid, if uncontaminated by bilirubin or meconium, can transmit light sufficiently well to allow inspection of the fetus within the amniotic sac. If the volume of liquor is sufficient the fetus may be moved around and this allows a complete examination of its outer surface. As embryologists and opthalmologists cannot be certain of the effect of infrared and ultraviolet light on the developing eye a special filter has been incorporated into the light source. Photography has proved possible but if the fetus looks normal and continuation of the pregnancy is planned, for the same reason no photographs should be taken.
The procedure should be preceded by placental localisation, and ultrasonography appears most reliable at this stage. Eighteen weeks gestation has so far proved to be the optimal time for attempting fetoscopy but reliance should be placed on the actual size of the uterus rather than the calculated gestational age.
GENETIC ASPECTS OF DIAGNOSTIC ULTRASOUND S. CAMPBELL Institute of Obstetrics and Gynaecology, Queen Charlotte's Hospital, W.6 Diagnostic ultrasound has been used in obstetrics since 1958. Certain aspects of this new discipline of interest to geneticists will be discussed. I. The safety of ultrasound. Reference will be made to in viva experiments which have recently been carried out in Queen Charlotte's Hospital. 2. The localisation of the placenta prior to amniocentesis. The risks of this important cytogenetic diagnostic procedure are reduced if the placenta can be accurately located. The place of ultrasound is evaluated. 3. The diagnosis of fetal abnormality. At the moment this is confined to the detection of cephalic abnormalities. Anencephaly in particular can be diagnosed before 20 weeks maturity. Babies of low growth potential can also be diagnosed by serial ultrasonic cephalornetry. These babies have an increased incidence of fetal abnormality. In view of the recent upsurge of interest in biochemical methods for the prenatal diagnosis of genetic disorders, the present state of the art will be critically reviewed, Particular attention will be given to the limitations of the methods and to the dangers and difficulties involved, The relative merits and disadvantages of cultured and fresh amniotic fluid cells and of the cell-free fluid as a source of enzymes will be considered.
DIAGNOSIS
Comment on the ways that the subject could develop and be organised will be included.
The general approach to, and problems of, biochemical methods for prenatal diagnosis will be illustrated by reference to studies on Tay-Sachs disease: the disease for which most prenatal work has been reported.
USES OF LINKAGE FOR PRENATAL DIAGNOSIS i. H. RENWCK London School of Hygiene
Abnormal phenotypes due to aneuploidy or certain homozygous genotypes may now be diagnosed directly on amniotic cells in culture. There are no corresponding means of direct diagnosis of heterozygous genotypes as yet but indirect predictions can be made from the phenotype controlled by a closely linked locus, Three or four such linkages can now be used in this way. These will be discussed.
DETECTION OF THE SECRETOR STATUS OF AMNIOTIC FLUID

P. S. HARPER Department of Medicine, University Hospital of Wales, Cardiff
Astudy of 68 samples of amniotic fluid taken early in pregnancy showed that 54 (79.4 per cent.) contained soluble ABH blood group substances, agreeing closely with the expected proportion of" secretors ". Presence or absence of the substances was not related to maternal secretor status, and no close correlationwas found between the type of blood group substance present and maternal blood group. Out of 19 cases in which fetal blood group could be determined and where blood group substances were present in amniotic fluid, only one disagreement was found. The results suggest that the secretor status of the fetus can be determined early in pregnancy from amniotic fluid. Taken in conjunction with the recently confirmed linkage of the secretor locus with that for myotonic dystrophy this may allow in certain cases a prediction to be made as to whether the individual will later be affected. The techniques for obtaining chromosome preparations from cultured amniotic fluid cells are described. Small aliquots of amniotic fluid specimens are routinely used for direct determination of sex by quinacrine fluorescence and sex chromatin study.
CULTURE OF CELLS FROM
The rate of success and the time required between amniocentesis and chromosome analysis are given, with discussion of the various difficulties involved. The indications for which prenatal chromosomal analysis has been used will be discussed and some of the findings that have accrued from the work of a number of laboratories will be presented. Undoubtedly, serious risk of Down's syndrome has been the commonest indication for chromosome studies on amniotic cells. The results from Downs's syndrome translocation heterozygotes suggest that the frequency of segregation leading to an unbalanced chromosome complement with translocation trisomy 21 is more common than estimates from family studies have hitherto suggested. The phenomenon of non-complementation between recessive, non-allelic suppressor gene mutations in Cop rinus lagopus has been known for some years (D. Lewis
PRENATAL CHROMOSOMAL
Genelical Research, 2, 141-155, 1961; P. H. Morgan, Genetical Research, 7, 195-206, 1966 ). Based on current knowledge of su+ gene action, we could predict that noncomplementation and recessiveness are two properties to be expected of missense su genes specifying modified tRNA species with altered codon specificities. Missense su tRNA does not compete for expression with its corresponding sw tRNA, but with the tRNAs, specified by one or more other genes, which normally translate the mutant codon. Compared with a haploid, the relative amount of su tRNA in a su+Jsu diploid cell is halved. If the su tRNA has a low efficiency, its activity in the diploid may no longer be expressed-hence the su+ gene mutation will appear recessive. In a diploid carrying two different su± genes, the relative amount of su tRNA is the same as in the haploid. The suppressor activity will thus be expressed, leading to apparent non-complementation. Our prediction requires that such su genes are allele specific, since this is a fundamental property of missense su genes.
Two groups of su genes will be described which combine all these properties.
. MUTATION 
FROM BIFUNCTIONALLY TO MONOFUNCTIONALLY DEFECTIVE PYRIMIDINE-3 MUTANTS OF NEUROSPORA
A. RADFORD Department of Genetics, Leeds University, Leeds, LS2 9JT Pyrimidine-3 mutants are known which have lost both the pyrimidine-specific carbarnyl phosphate synthetase (CPS) and aspartate transcarbamylase functions of that locus. Most such alleles are capable of complementation, some in polar and some in non-polar fashion. On the basis of complernentation polarity, it appears that the CPS function is translated proximally and the ATC function distally, with both functions probably carried on a single polypeptide. Previous work has shown that many doubly defective polar mutants can have the distal function restored by a mutationally induced relief of polarity. Non-polar doubly defective alleles can also have the ATC activity restored by a mutational event, and six alleles of this type have been studied. Two appear to be simple base pair substitutions, but the other four alleles are not so simple to classiF,'. Possible interpretations of their complementation behaviour and chemically-induced revertibility will be discussed. in ade 3(hisj and ade 3(his+) mutants in media differentially supplemented with adenine and histidine has enabled us to determine the contributions of the adenine and histidine pathways to AICAR accumulation. In ade (hisj strains AICAR is formed solely via histidine biosynthesis whereas in ade 3(his+) both pathways contribute.
REGULATION OF DE NOVO PURINE NUCLEOTIDE SYNTHESIS
When repressed cultures of ade 2 and ade 3 are transferred from high adenine to low adenine media they rapidly synthesise AIR and AICAR respectively. This recovery from repression does not occur in the presence of cycloheximide and is thus dependent on protein synthesis.
We have assayed phosphoribosyl-pyrophosphate amidotransferase (PRPPATase, the first enzyme of purine biosynthesis) and found that activity is dependent on the level of purine supplementation. Cultures recovering from repression show a 6-fold increase in specific activity which is completely inhibited by cycloheximide. We infer that the enzymes of purine biosynthesis in yeast are subject to control by repression.
GENETIC AND BIOCHEMICAL STUDIES ON RESISTANCE TO THE PURINE ANALOGUE 4-AMINO PYRAZOLO (3, 4-d) PYRIMIDINE (4-APP) IN SACCHAROMYCES CEREVISIAE W. R. PICKERING and R. A. WOODS Department of Genetics, Sheffield University
Wild type Saccliaromyces cerevisiae is sensitive to 4-APP (Lomax & Woods, J. Bacleriol., 100, 817, 1969) and shows negligible growth at 10 tg./ml. We have isolated 36 4-APP resistant mutants, following mutagenisis with E.M.S., all of which grow at 150 g./m1. These mutants have been allocated to 7 genes, app 1 to app 7, three of which, app 1, app 3 and app 4 have both dominant and recessive alleles. Four of the genes, app 3, app 5, app 6 and app 7 are loosely linked. Cross-resistance to other purine analogues shows gene specificity; all 7 confer resistance to 8-azadenine and 6-methyl-purine; only ap 1, 4 and 5 cause resistance to 8-azaguanine. None of the mutants excretes purine.
Activity of the purine phosphoribosyltransferases was studied in representative mutants of each gene since loss of activity of these enzymes is a common cause of analogue resistance. Activity with adenine, hypoxanthine and guanine as substrates was found in all of them. The level for app 2, app 3, app 6 and app 7 were the same as in wild-type whilst those for app 1, app 4 and app 5 were significantly higher for all three substrates. The implications of these findings will be discussed. During the reduction of nitrate to ammoniuni by Aspergillm, NADPH is oxidised to NADP. Action of the pentose phosphate pathway (P.P.P.) affords the major means whereby the organism reduces NADP to NADPH.
When Aspergillus nidulans is grown with a mixture of urea and nitrate as nitrogen source, the levels of four enzymes of the P.P.P. are two-fold greater than when it is grown with urea. This increase is not dependent on the metabolism of nitrate and is probably mediated by the same process (D. J. Cove, Proc. Roy. Soc., Land. B., 176, 269-275; 1970) which is responsible for the induction of nitrate reductase and nitrite reductase.
Two classes of mutants defective in the P.P.P. were isolated. All grow poorly on nitrate and nitrite. One class has reduced activities of the above four P.P.P. enzymes, but retains inducibility by nitrate for these enzymes, but retains inducibility by nitrate for these enzymes. Members of the other class lack transaldolase and accumulate sedoheptulose-7-phosphate, which accumulation is increased twenty-fold in the presence of nitrate. This increase is dependent upon the metabolism of nitrate. It therefore appears that the flow through the P.P.P. is regulated normally both by enzyme levels and by the availability of a product of nitrate metabolism. A quantitative analysis of malate dehyrogenase isozymes has been carried out in a hexaploid wheat Triticum aestivum variety Holdfast, a diploid rye, Secale cereale variety King II, and a series of seven addition lines each having the Holdfast wheat chromosome complement and, in addition, a different homologous pair of King II rye chromosomes. In young shoots of three of these addition lines, grown in a defined salts medium lacking sucrose, the level of at least one isozyme was elevated. This did not occur in shoots grown in a medium containing 05 per cent. sucrose or in the Triticale possessing the full wheat and rye chromosomal complements grown in the absence of exogenous sucrose. On the basis of cellular localisation and substrate inhibition studies the isozyme activity enhanced by the rye chromosomes is indistinguishable from an isozyme activity in Holdfast wheat and dissimilar from all the malate dehydrogenase isozyme activities observed in King II rye. It is concluded that three different rye chromosomes produce gene products which can interact with the wheat malate dehydrogenase regulatory system. During the life-cycle of malaria parasites, micro-and macro-gametocytes, which develop in the blood of the vertebrate host, undergo fertilisation in the mosquito vector. By allowing mosquitoes to feed on blood infected with two strains of the rodent malaria parasite Plasmodinm berghei, we have been able to produce recombinant parasites.
Two lines, A and C, of the subspecies P.b.yoelii were first hybridised. Line A is characterised by an electrophoretic form of glucose isomerase termed GPI-l and is resistant to the anti-malarial drug pyrimethamine. Line C has an enzyme-form GPI-2 and is pyriinethamine-sensitive. After mosquitoes had fed on a mixture of lines A and C, infections were established in mice. By cloning the resulting blood parasites, we were able to identify GPI-1 sensitive and GPI-2 resistant lines, as well as lines showing parental characters. Control lines confirmed that the recombinants were produced by cross-fertilisation of gametes, and not by mutation.
Line A has also been crossed with a P. berghei line from Nigeria, characterised by GPI-2 and pyrimethamine-sensitivity. These lines appear to hydridise less readily than lines A and C, there being a lower frequency of recombination between the markers. Erythromycin-resistant and chloramphenicol-resistant mutants have been obtained in Paramecium aurelia Syngens I and 4, both spontaneously and following mutagen treatment. All these mutants are inherited via the cytoplasm at conjugation.
Using a micro-injection technique, it has been shown that mitochondria from erythromycin-resistant cells, when injected into sensitive paramecia, cause transformation of the latter to resistance.
By polyacrylamide gel electrophoresis it has been shown that the erythromycinresistant paramecia contain an altered mitochondrial ribosomal protein. Mitochondrial genes conferring resistance to seven inhibitors have been so far identified. Replication mapping using the mutagen nitrosoguanidine has confirmed the order of five of these genes previously established by conventional genetic methods.
The map is circular.
The major products of mitochondrial protein synthesis are six polypeptides in the molecular weight range 11,000 to 34,000. There is evidence that the structural genes for these polypeptides is in mitochondrial DNA. The way in which mitochondrial DNA molecules are transmitted to daughter cells during vegetative growth in yeast is poorly understood. In a diploid cell there are perhaps 100 mitDNA molecules contained in 20-50 mitochondria, and it is possible that all these molecules are equally capable of replication and that the mitochondria are randomly distributed between parent and daughter cells by passive cytoplasmic transfer. However, genetic studies on mitochondrial inheritance, and theoretical considerations, suggest an alternative mechanism in which one copy serves as template for all the mitDNA molecules acquired by the mature daughter individual. This hypothesis is amenable to experimental test at the molecular level with both randomly dividing and synchronous populations, and the results obtained so far will be discussed. Nucleic acids unique to the chloroplast will be compared and contrasted with those of the nucleus/cytoplasm and mitochondria. The genetic potential of the chioroplast DNA will be discussed, and considered in relation to the synthesis of the chloroplast RNA and chioroplast proteins. Recently a number of plant diseases of the "yellows" type, hitherto assumed to be caused by viruses, have been shown to be the result of infection of the phloem by mycoplasma-like organisms transmitted by leafhoppers.
KILLER PARTICLES OF PARAMECIUM AND
The evidence for this is based on electron microscopic examination of diseased plants, on successful treatmentwith tetracyclines (which are ineffective againstviruses),
and in a few cases on culturing mycoplasmas from pathological specimens. Little is yet known about the biology of the mycoplasmas. Current progress in plant cell biology, notably in the fields of protoplast and tissue culture technique, gives grounds for believing that plant mycoplasmas may provide favourable material for studying the molecular biology of interactions between microbes and higher cells. Mycoplasmas are believed to be the smallest, and genetically the simplest cells capable of independent growth although it is possible that some have already evolved to the point of obligate parasitism. The results of this research may therefore be of interest to students of organelle evolution.
